Resource management of dynamic coastal environments using synoptic measures from remote sensing by Miller, Richard & Byibassussu, Christopher
 RESOURCE MANAGEMENT OF DYNAMIC COASTAL ENVIRONMENTS USING SYNOPTIC 
MEASUREMENTS FROM REMOTE SENSING 
 





In addition to providing vital ecological services, coastal areas of North Carolina provide prized areas for habitation, 
recreation, and commercial fisheries. However, from a management perspective, the coasts of North Carolina are 
highly variable and complex. In-water constituents such as nutrients, suspended sediments, and chlorophyll a 
concentration can vary significantly over a broad spectrum of time and space scales. Rapid growth and land-use 
change continue to exert pressure on coastal lands. Coastal environments are also very vulnerable to short-term (e.g., 
hurricanes) and long-term (e.g., sea-level rise) natural changes that can result in significant loss of life, economic 
loss, or changes in coastal ecosystem functioning. Hence, the dynamic nature, effects of human-induced change over 
time, and vulnerability of coastal areas make it difficult to effectively monitor and manage these important state and 
national resources using traditional data collection technologies such as discrete monitoring stations and field 
surveys. In general, these approaches provide only a sparse network of data over limited time and space scales and 
generally are expensive and labor-intensive.  
 
Products derived from spectral images obtained by remote sensing instruments provide a unique vantage point from 
which to examine the dynamic nature of coastal environments. A primary advantage of remote sensing is that the 
altitude of observation provides a large-scale synoptic view relative to traditional field measurements. Equally 
important, the use of remote sensing for a broad range of research and environmental applications is now common 
due to major advances in data availability, data transfer, and computer technologies. To facilitate the widespread use 
of remote sensing products in North Carolina, the UNC Coastal Studies Institute (UNC-CSI) is developing the 
capability to acquire, process, and analyze remotely sensed data from several remote sensing instruments. In 
particular, UNC-CSI is developing regional remote sensing algorithms to examine the mobilization, transport, 
transformation, and fate of materials between coupled terrestrial and coastal ocean systems. To illustrate this work, 
we present the basic principles of remote sensing of coastal waters in the context of deriving information that 
supports efficient and effective management of coastal resources.  
 
Principles of Remote Sensing  
 
In general, remote sensing refers to observations of the Earth system from instruments aboard airborne or space-
based platforms. These instruments record the spectral intensity of electromagnetic radiation reflected or emitted 
from an object. Active remote sensing instruments such as radars generate the source of electromagnetic energy 
while passive sensors detect reflected energy from a separate source (e.g., sunlight) or energy emitted from the 
object (e.g., thermal infrared) itself. Many disciplines of research use images from passive optical instruments in 
space to detect the spectral intensity of sunlight reflected from water (i.e., water or ocean color). The remote sensing 
of water color provides a measure of the constituents suspended within the water column. A NASA instrument, the 
MODerate-resolution Imaging Spectrometer (MODIS) is widely used for Ocean Color analysis and will serve as the 
focus of this paper.  
 
Several factors define the usefulness of an instrument’s data for a given application including the spatial resolution, 
the spectral coverage and resolution, and the revisit time. That is, what objects the instrument can “see”, what 
objects it can detect, and how often it can see and/or detect the objects. For example, say that a bright red surface 
platform 100 m x 100 m is anchored 5 km offshore in clear blue water. If our remote sensing instrument has a spatial 
resolution or ground sampling distance (GSD) of 4 km (i.e., pixel size is 4 km x 4 km), then we may have 
difficulties “seeing” the 100 m2 sized object. Now, let’s say that our instrument has a 20 m spatial resolution. The 
instrument can easily “see” the platform as the object will influence the values of at least 25 pixels. However, our 
instrument must also measure reflected light in the red portion of the electromagnetic spectrum to “detect” the 
platform. If not, our instrument will be blind to sensing the red platform. Ocean Color sensors are mounted on 
spacecraft that orbit the Earth from pole-to-pole in a sun-synchronous path. The time that it takes to view a point on 
the ground directly below the spacecraft twice is the instrument’s revisit time or how often an object can be seen and 
detected. 
  
Two MODIS instruments are currently operating. One mounted on the TERRA spacecraft and one on the AQUA 
spacecraft. TERRA and AQUA follow a sun-synchronous, near-polar, circular orbit and cross the equator at about 
10:30 a.m. and 1:30 pm, for TERRA and AQUA, respectively. MODIS measures reflected or emitted energy in 36 
spectral regions or bands from the blue to thermal infrared regions of the electromagnetic spectrum. Bands 1-2 are at 
250 m spatial resolution, bands 3-7 at 500 m, and bands 8-36 1 km. The revisit time for both instruments is 
nominally 1.5 days. 
 
To demonstrate what MODIS can detect in terms of in-water constituents, we must first examine how materials in 
coastal waters alter the color and intensity of sunlight reflected from the water surface. As light propagates along a 
path through the water column it can be absorbed, scattered in a different direction, or continue along the same path. 
Absorption and scattering change both the color and intensity of light. For example, if materials in the water absorb 
light at wavelengths greater than 500 nm (i.e., green-red) then the water will appear blue.  This is the basis of Ocean 
Color analysis. Figure 1 shows how light is absorbed by two important constituents in coastal waters, phytoplankton 
and colored dissolved organic matter (CDOM), as well as the absorption of light by pure water. The general 
scattering of light is shown by the straight-line bb. This figure indicates why clear ocean water is blue. With the 
absence of phytoplankton and CDOM, water color is governed by the absorption and scattering of pure water. Water 
absorbs all colors of light except blue. Therefore, blue light can be “backscattered” or reflected from the water 
surface thus giving clear (e.g., devoid of phytoplankton and CDOM) ocean water its blue color. Similarly, it can be 
easily shown from these curves that productive waters with high phytoplankton concentrations will be green and 
coastal waters with high concentrations of suspended sediments will be brown (a mixture of reflected green, yellow, 
and red light).  
 
Figure 1: Generalized absorption and scattering curves for pure water, phytoplankton, and CDOM. 
 
Therefore, to detect the presence and amount of in-water constituents such as phytoplankton, CDOM, and suspended 
sediments, MODIS was designed with spectral bands centered on specific absorption features of these constituents 
as shown in Figure 2. 
 
Figure 2: Location of select MODIS bands for measuring phytoplankton and CDOM concentrations (bands 8, 9, 10 
and 12) and suspended sediments (band 1). Band 1 is 250 m GSD. Bands 8, 9, 10, and 12 1 km GSD.  
 
 MODIS data are readily available at no cost at several NASA distribution sites such as LAADS Web 
(http://ladsweb.nascom.nasa.gov/). MODIS Ocean Color products are also available from the NASA Ocean Color 
Web site (http://oceancolor.gsfc.nasa.gov/).  Data are distributed as granules that represent 5 min of data collection 
along the orbital path (Figure 3). 
 
Figure 3: Example of a MODIS TERRA granule (14 February 2010) displayed as a true color image showing the 
large-scale synoptic view afforded by MODIS images.  
 
Examining Coastal Processes 
 
MODIS’ moderate spatial resolution bands (bands 1-7) at 250 and 500 m are particularly useful for examining the 
dynamic nature of North Carolina coastal waters.  The synoptic view provided by MODIS images can provide 
investigators, resource mangers, and policy makers a unique view of the complexities and linkages between the 
various land and aquatic systems. For example, the response of North Carolina rivers, sounds, and shelf waters to 
the passage of a winter frontal system with high winds (gusts in excess of 60 knts) is shown in Figure 4. Note the 
transport of materials from the rivers into Albemarle Sound in the north and the spatial complexity of suspended 
materials in Pamlico Sound. Note too the short-term transport of materials as revealed in the MODIS image set 
acquired about 3 hours apart. 
 
Figure 4: MODIS TERRA (left) and AQUA (right) true color images acquired 7 February 2010 following the 
passage of a strong winter frontal system. 
 
Although MODIS true color images are useful for gaining an insight of spatial relationships and details, the true 
utility of MODIS data for supporting research and applications is gained when spectral images are processed using 
atmospheric and bio-optical algorithms to produce images of biogeochemical parameters (Figure 5). The generation 
of these products requires field data to relate concentrations of in-water constituents to measured remote sensing 
reflectance. Specialized software and moderately powerful computers facilitate product development. The Estuarine 
and Coastal Processes program of the UNC Coastal Studies Institute has established the capability to efficiently 
acquire, process and analyze remotely sensed data, especially Ocean Color data, to conduct basic and applied 
research of dynamic coastal environments. Our program seeks to gain a better understanding of important coastal 
processes in North Carolina with an emphasis on northeast North Carolina. We hope to translate this understanding 









Figure 5: MODIS TERRA 250 m image of coastal North Carolina acquired 4 April 2009 processed to estimates of 
Total Suspended Matter (TSM) concentration (mg/l). TSM concentration varies directly with pixel brightness. Land 
and clouds are masked black. Image produced using SeaDAS 5.4 (NASA) and ENVI 4.7 (ITT) software. 
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